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Ultrahigh temperature ceramics (UHTC) have performed unreliably due to 
material flaws and attachment design. These deficiencies are brought to the fore 
by the low fracture toughness and thermal shock resistance of UHTC. If these 
deficiencies are overcome, we are still faced with poor oxidation resistance as a 
limitation on UHTC applicability to reusable launch vehicles. We have been 
addressing the deficiencies of UHTC for the past two years via a small task at 
GRC that is in the Airframe part of the Next Generation Launch Technology 
Program. Our focus is on composite constructions and functional grading to 
address the mechanical issues and on composition modification to address the 
oxidation issue. The progress on approaches to improving oxidation resistance 
by alloying and functional grading will be reported. 
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• Processing 

• Characterization of Starfire UHTCC 

♦ Concluding Remarks 
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Fig. 374.— System Ta,0r-Zr0,. 

B. W. King, John Schultz, E, A. Durbin, and W. H. 
Duckworth, U. S. Atomic Energy Comm., BMI-1106, 15 
(1956). 


LO 



♦ 2.54 x 1.2 x 0.3 cm coupons machined from hot pressed plates 

♦ coupons cleaned, weighed, surface area determined 


UHTC Coupon Appearance After Oxidation 

1627°C, Stagnant Air 
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bold = major phase 

Ta 2 0 5 *6Zr0 2 (orthorhombic) difficult to distinguish from ZrO 



Surface Microstructure of ZS After Oxidation 

at 1627°C in Stagnant Air 
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# of cycles (1 cycle = 10 minutes hot & 10 minutes cool) 



Arc Jet Test of ZrB 2 - 20 v/o SiC - 20 v/o TaSi 
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additions improve the oxidation resistance of ZrB 2 -SiC materials at 
1627°C? Tantalum effects both glass phase and Zr0 2 . 
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UHTCC Flexural Strength Results 
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UHTCC After 1627°C Furnace Oxidation 
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Three 4-Minute Torch Cycles to 1815 to 201 5°C 


UHTC Side, Center Hot Zone 
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UHTC Side, Center Hot Zone 
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Hf0 2 -rich scale is an area of concern 

Material withstood ~2000°C (~3600°F), severe heat-up and thermal 
gradients with no major visible distress, but with significant HfB 2 coating 
and carbon fiber oxidation revealed by metallography 
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